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(57) ABSTRACT 

In a method and apparatus for compensating for static and 
dynamic inaccuracies in an optical scanner used in a typical 
surface inspection system, the scanner may have a scanning 
axis and a cross-scanning axis. A surface of an inspection 
article is scanned along a scanning axis and a scanning axis 
signal is output at predetermined distances along this axis. 
The scanning axis signal may be used to determine a speed 
of relative movement betWeen the scanner and the inspec 
tion article. A jitter signal may be output Whenever the 
scanner deviates from the scanning axis, and this signal may 
be used to calculate the amount of deviation. Information, 
such as the speed of relative movement, scan line resolution, 
and a scanning axis static position error may be used to 
generate a scan line. A generated scan line may be shifted to 
compensate for a cross-scanning axis error. Utilizing this 
method, a scan line is generated that compensates for 
various scanner positioning errors, including the cross-axis 
and scanning axis static position errors, the scanning axis 
dynamic position error, and the cross-scanning axis jitter 
error. 

32 Claims, 8 Drawing Sheets 
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FIG. 5 
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METHOD OF AND APPARATUS FOR LINE 
ALIGNMENT TO COMPENSATE FOR 

STATIC AND DYNAMIC INACCURACIES IN 
SCANNING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a method and 
apparatus for correcting inaccuracies in an optical scanner, 
and more particularly, to a method and apparatus for com 
pensating for static and dynamic inaccuracies in an optical 
scanner. 

2. Description of the Related Art 
In the fabrication of modem semiconductor integrated 

circuits, inspection systems are used to inspect semiconduc 
tor Wafers, photomasks, reticles, and other surfaces. A 
typical surface inspection system detects light that is 
scattered, re?ected, or otherWise modi?ed from a small area 
of an inspected surface. In order to detect errors or 
anomalies, data from the inspection system, in the form of 
a quantity of light detected, for example, may be compared 
With some kind of reference data. The reference data may 
come from a database, from another portion of the surface 
being inspected, or from other suitable sources. 

Erroneous detection of errors or anomalies can occur 

When the data for a sampled surface area is not matched 
correctly With reference data. One source of such errors can 
occur When the optical system used in scanning the 
inspected surface is misaligned. 

FIG. 1 shoWs a general example of an inspection system, 
in Which an article 10 being inspected is placed on an 
inspection stage 20. Alight source 60, Which may be a laser 
or any suitable light source, provides its output to an 
acousto-optic de?ector (AOD) 70, Which in turn causes a 
light beam 55 to be output. Control of AOD 70, Which for 
example may be accomplished, in Whole or in part, by RF 
generator 80 under entire or partial control of a stage control 
25, causes the light beam 55 to scan across the surface of the 
article 10. Other types of systems for causing the light beam 
55 to scan as indicated may be used. 

In this type of inspection system, the light beam 55 
generally moves in the direction of a ?rst axis, While the 
stage 20 moves the article 10 along a second, generally 
perpendicular axis. Relative movement betWeen the light 
beam 55 and the article 10 in these respective axes may be 
accomplished in any knoWn or desired manner. For example, 
the light beam 55 may move, and the article 10 (or stage 20) 
may remain stationary; the light beam 55 may remain 
stationary, and the article 10 (or stage 20) may move; or both 
the light beam and the article (stage) may move. For 
purposes of the folloWing discussion, it Will be assumed that 
the light beam scans the surface of the article 10 along the 
X axis, While the inspection stage moves along the Y axis. 

In FIG. 1, a stage control 25 controls movement of the 
stage 20 in the Y axis. AOD 70 causes the light beam 55, 
generated by light source 60 and under control of an RF 
generator 80, to scan in the direction of the X axis. The RF 
generator 80 communicates With stage control 25 to control 
the scanning of light beam 55 in accordance With the 
movement of the stage 20. 

FIG. 2 depicts generally an ideal relative movement 
betWeen the stage 20 and the light beam 55. That is, ideally, 
in the con?guration shoWn, for a given article 10 being 
inspected, the stage 20 alWays has the article 10 positioned 
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2 
precisely on it, and alWays begins to move at the same point 
along the Y axis, While the light beam 55 alWays begins a 
scan line at the same point along the X axis. With this kind 
of perfect alignment, the light information produced by the 
scan at a given position (coordinate pair) on the article Will 
alWays match the data at the corresponding coordinate pair 
in the reference data. 

Obviously, misalignment along either the X axis or the Y 
axis can cause misregistration, Which could be suf?cient to 
cause scan data to be matched incorrectly With reference 
data. As a result, an error could be misidenti?ed in at least 
one of tWo Ways. Either the system may identify a non 
existent error; or the system may fail to identify an error. 
Accordingly, one problem that needs to be addressed is the 
non-ideal nature of the (x, y) grid over Which the scanning 
occurs. 

Imperfections in the (x, y) grid can result from various 
problems. For example, in certain kinds of inspection stage 
movement systems, incremental stage movements can be 
suf?ciently imprecise to cause misalignment, With resulting 
inaccuracy in the position of the stage 20 relative to the light 
beam 55. For example, there may be an instruction to the 
stage 20 to move to coordinate (1000, 1000). The units of the 
coordinate system may be a function y of the resolution of 
the inspection system. Merely by Way of example, u may be 
40 nm in one type of inspection system, so that coordinate 
1000 along the Y axis is actually at a location that is 40,000 
nm aWay from the origin along that axis. As a result, if there 
is an error, an instruction to move to (1000,1000) actually 
may result in movement to coordinate (1000, 1000+Ay), 
Where Ay is the amount of error. In the example just given, 
Ay may have a relation to p. To correct for this kind of error, 
it Would be desirable to be able to provide an amount of 
compensation for Ay, particularly as a function of p. 

This type of error, Which is referred to as a “static” error, 
may not occur in certain types of stages, such as an inter 
ferometer controlled stage. Such an error may be an inherent 
function of the resolution of the stage control 25. 
A second type of error, resulting from scan lines starting 

at different positions along the X axis, is referred to as 
“dynamic” error, because the amount of error can vary from 
scan to scan. One version of this dynamic error phenomenon 
is knoWn as “jitter”. To compensate for jitter, it is necessary 
to monitor the starting position of the light beam along the 
Y axis, and provide appropriate compensation at the start of 
each scan line. FIG. 3 shoWs an example of different degrees 
of jitter. To compensate for jitter, the starting position for 
each scan line should be normaliZed to a position that is an 
amount AxO aWay from the Y-axis. For successive scans at 
times t1, t2, and t3, the jitter adjustment Would be dxl, dx2, 
and dx3, respectively. 

In order to correct for the kinds of static and dynamic 
error just described, it Would be desirable to provide an 
approach Which facilitates starting both the initial movement 
of the stage, and each scan line, at the same location every 
time. 
One Way of compensating for the foregoing types of 

misalignments and positioning errors is knoWn as registra 
tion. In one such registration method, a scanned image is 
compared to a reference image. During this comparison, the 
scanned and reference images are aligned, to determine the 
existence of a positioning error. If differences betWeen the 
scanned and reference images are detected during the 
comparison, then compensating factors may be determined. 

In the kind of registration system just described, the 
reference image typically is obtained from a predetermined 
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location on a scanning surface. Other systems may generate 
a reference image by utilizing a previously scanned image, 
or even by averaging a number of previously scanned 
images. 

One drawback of the registration method is that registra 
tion accuracy relies heavily on the quality of the scanned 
images. As a result, if either the scanned image or the 
reference image is inaccurate, the errors detected as a result 
of the comparison Will be incorrect. It can be appreciated 
readily that the problem Will be even Worse if both the 
scanned image and the reference image are inaccurate. 

It Would be desirable to provide a system that compen 
sates for misalignment Without the need for image compari 
son techniques such as the just-described registration 
method. It also Would be desirable to provide accurate 
scanner misalignment correction Without having to rely on 
the accuracy of sample or reference images. 

SUMMARY OF THE INVENTION 

In accordance With this and other aspects of the present 
invention, a method is provided that compensates for one or 
more sources of a scanner’s line alignment error. A typical 
surface inspection system may have a scanner With a scan 
ning axis and a cross-scanning axis. In accordance With one 
aspect of the invention, When scanning a surface of an 
inspection object, a scanning axis signal may be output at 
predetermined distances along the scanning axis. The scan 
ning axis signal may be used to determine the scanner’s 
speed. 

Also in accordance With one aspect of the invention, the 
inspection system may be con?gured to output a jitter signal 
Whenever the scanner deviates from the scanning axis. The 
jitter signal, Which in one embodiment may take the form of 
a count signal, may be used to calculate the distance that the 
scanner deviates from the scanning axis. 

Information such as the scanner’s speed, scan line 
resolution, and a scanning axis static position error may be 
used to generate a scan line that compensates for a scanning 
axis error. The generated scan line also may be shifted to 
compensate for a cross-scanning axis error based on the 
scanner’s jitter signal and a cross-scanning static position 
error. 

In accordance With another aspect of the present 
invention, there may be a calibration session, during Which 
a prede?ned grid on an inspection object may be scanned to 
determine a scanning axis static position error and a cross 
scan line static position error for each point on the grid. Each 
of these errors may be loaded into respective static position 
error correction tables. 

In accordance With another aspect of the present 
invention, an elapsed time betWeen tWo consecutive output 
ted scanning axis signals may be measured to calculate the 
scanner’s speed. 

In accordance With yet another aspect of the present 
invention, a cross-scanning axis error may be calculated by 
combining scanner deviation With cross-scanning static 
position error. 

Another aspect of the present invention enables the sys 
tem to determine the scanner’s resolution, Which may be 
based on a variety of factors such as the scanner’s speed, or 
the inspection object’s surface structure or material compo 
sition. 

Still another aspect of the present invention provides a 
system that may scan a variety of different types of inspec 
tion objects, such as semiconductor Wafers, photomasks, 
reticles, ?at panel displays, and biological materials. 
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4 
In accordance With still yet another aspect of the present 

invention, a scanning process may continue until the scan 
ning pass is completed. 

These and other aspects, features and advantages of the 
present invention Will become more apparent upon consid 
eration of the folloWing description of embodiments of the 
present invention taken in conjunction With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overvieW of an exemplary scanning and 
inspection system to Which the present invention may be 
applied; 

FIG. 2 is a diagram illustrating ideal movement of a 
scanning beam; 

FIG. 3 is a diagram illustrating one type of jitter; 
FIG. 4 is a block diagram illustrating an overvieW of 

several of the major modules of a system that compensates 
for scanner line alignment inaccuracies; 

FIG. 5 is a diagram illustrating one approach to obtaining 
accurate distance measurements along the scanning axis; 

FIG. 6 is a ?oWchart shoWing an exemplary method for 
correcting scanner line alignment inaccuracies; 

FIG. 7 is a ?oWchart shoWing an exemplary method for 
calculating scanning axis error; and 

FIG. 8 is a ?oWchart shoWing an exemplary method for 
calculating cross-scanning axis error. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The scanner misalignment correction system of the 
present invention may be utiliZed in a variety of different 
surface inspection systems. One example of a surface 
inspection system that may utiliZe the present invention is 
the COMPASSTM system by Applied Materials, Inc., the 
assignee of the present invention. 
A surface inspection system utiliZing the present inven 

tion typically comprises a scanner having tWo orthogonal 
motion axes, Which Will be referred to as a scanning axis and 
a cross-scanning axis. For ease of reference, the Y-axis Will 
be referred to as the scanning axis and the X-axis Will be 
referred to as the cross-scanning axis. HoWever, the particu 
lar nomenclature is not critical to the invention. 

During a typical scanning session, the scanner Will scan 
an inspection surface by providing relative movement 
betWeen the scanner and the inspection surface. Whether the 
scanner moves, or the inspection surface moves, or both the 
scanner and the inspection surface move, is not critical to the 
invention. What matters is that there is relative movement 
betWeen the tWo. In the folloWing discussion, if movement 
of only one of the scanner or the inspection system is 
mentioned, it is to be understood that relative movement 
(including movement of both) is contemplated. 

In accordance With the present invention, a scanner may 
be con?gured With signal output devices, for example, to 
generate identi?able signals When the scanner passes pre 
determined points along either the scanning or the cross 
scanning axis. A scanner may be con?gured to generate one 
type of signal When the scanner is moved along the X-axis, 
and another type of signal When the scanner moves along the 
Y-axis. In the folloWing discussion these signals Will be 
referred to as X-count and Y-cross-Zero, denoting scanner 
movement along the X and Y axes, respectively. 

In accordance With the present invention, scanner line 
misalignment correction is provided using a line alignment 
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method to correct for as many as three kinds of scanner 
errors: a scanner’s static position error; its dynamic position 
error; and its jitter error. In the present scanning system, a 
typical scanning session is performed by providing relative 
movement for the scanner along its scanning axis (e.g., 
Y-axis), While a cross-scan is performed by providing rela 
tive movement for the scanner along its cross-scanning axis 
(e.g., X-axis). 

Also, merely by Way of example, the folloWing descrip 
tion of embodiments of the invention may refer to a surface 
inspection system for inspecting a surface of a semiconduc 
tor Wafer. HoWever, it is to be understood that the present 
invention is not so limited, but instead is suitable for 
inspection of other types of articles, such as photomasks, 
reticles, ?at panel displays, biological substances (e.g., 
DNA), and the like. 
OvervieW of Scanner Line Alignment System 

FIG. 4 is a block diagram providing an overvieW of some 
of the major components of the inventive system 100 that 
may be utiliZed to correct scanner line misalignment. The 
relative relationship of each of these components, along With 
a brief description of their respective functions noW Will be 
discussed. 

In FIG. 4, stage control 225 is coupled to stage 20, and 
provides motion control signals to the stage 20. In one 
embodiment, stage control 225 not only provides signals to 
stage 20, but also receives signals from it. In another 
embodiment, stage control 225 also can provide Y-cross 
Zero signals to Y-cross-Zero signal block 110. HoWever, this 
is not required, and the block 110 can receive those signals 
in a variety of Ways knoWn to ordinarily skilled artisans. 
As described earlier, AOD 70 is controlled by signals 

from RF generator 80. As seen in FIG. 4, RF generator 80 
receives inputs from a constant velocity scan line block 130. 
This block 130 in turn receives input from the scanner via a 
Y-cross-Zero signal block 110, through a Y-velocity estima 
tor 115 and a resolution multiplier 120. The resolution 
multiplier 120 sets the smallest amount of scanner motion 
that is to be acknowledged as motion. Together, these blocks 
enable the stage to move such that it starts at a consistent 
position at each scan line. Block 130 also receives an input 
from a Y-axis correction table 125. 

In another embodiment, RF generator 80 can receive 
inputs from a look-up table (LUT) 90, Which is located 
betWeen the RF generator 80 and a summariZer 150, Which 
Will be discussed beloW in conjunction With the X-axis 
correction scheme. In yet another embodiment, RF generator 
80 receives input comprising X-count information from 
block 140, via a jitter counter 145, and a summariZer 150. 
The summariZer 150 also may receive input from an X-axis 
correction table 155, Where LUT 90 is accessed based on an 
output of summariZer 150. This overall combination enables 
adjustment of the initial position of the light beam 55 at the 
start of each scan line. 
A scanning system that utiliZes the scan line alignment 

method of the present invention may be con?gured so that 
it outputs an Y-cross-Zero signal at various points along a 
scanning path. In one embodiment, a scanner may be 
con?gured so that it outputs an Y-cross-Zero signal at each 
of a series of predetermined distances along the scanner’s 
scanning path (e.g., Y-axis). During a typical scanning 
process, the scanner may generate a series of Y-cross-Zero 
signals that correspond to a series of distances along the 
scanning path. 

Similarly, the scanner also may be con?gured to output an 
X-count signal Whenever the scanner deviates from an 
intended scanning path. As discussed earlier, this kind of 
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6 
deviation is knoWn as jitter. During a typical scanning 
process along the Y-axis, optimally the scanner Would not 
deviate from the intended scanning axis (e.g., Y-axis). 
HoWever, scanning systems are susceptible to internal and 
external forces that may affect the actual scanning process. 
As such, a typical scanner Will experience jitter (i.e., scanner 
?uctuations about an intended scanning axis) during scan 
ning. 

X-count signals may be output in response to an elapsed 
period of time during Which no Y-cross-Zero signals are 
detected. Other suitable sources of X-count signals Will be 
apparent to ordinarily skilled artisans. In one embodiment, 
X-count signals may come from stage control 225 Which 
receives corresponding information from stage 20, but this 
is not required. 

Detected X-count signals may be communicated to the 
X-jitter counter 145, for example, so that an X-axis jitter 
error may be calculated. The calculation may be based, for 
example, on deviation of an X-count from an expected 
value. The expected value may be Zero, or any other suitable 
value. For example, it may be a nonZero value in order to 
accommodate tolerances in deviation. X-axis jitter error is 
de?ned as the distance that the scanner has deviated from the 
intended scanning axis (e.g., Y-axis). 

In addition to measuring scanner jitter, the respective 
times that the Y-cross-Zero and X-count signals are outputted 
may be monitored to provide the system With information 
that may be used to perform additional calculations, such as 
the scanner’s speed, as Well as to identify the scanner’s 
location along the scanning or cross-scanning axes. For 
example, if a scanner’s speed is to be calculated, the system 
may monitor the timing of the outputted signals and then 
correlate them With the distances that triggered the signals. 
Typically, the scanner’s speed is calculated by a Y-velocity 
estimator 115. One technique for calculating the scanner’s 
speed is to measure the elapsed time betWeen tWo consecu 
tive Y-cross-Zero signals. As Would be apparent to those 
skilled in the art, the signals do not have to be consecutive, 
so long as relevant time and distance information are avail 
able from Which to make the speed calculation. 
The source of the Y-cross-Zero signals may be any appro 

priate source. In one embodiment, these signals may come 
from stage control 225, Which receives corresponding infor 
mation from stage 20. HoWever, this is not required. 

Similarly to calculating the scanner’s speed, a scanner’s 
location also may be calculated by monitoring the outputted 
signals. Since each of the outputted signals may be corre 
lated to a particular distance along the scanning or the 
cross-scanning axis, the location of the scanner may be 
established by associating the detected signals With the 
respective distances that triggered the signals. 

Typically, signal triggering distances along each of the X 
and Y axes may be anyWhere from 2 to 20 microns; hoWever, 
shorter or longer distances also may be used. Accordingly, it 
is to be understood that the present invention is not limited 
to a speci?c distance or range of distances that trigger the 
X-count and Y-cross-Zero signals. 

In addition to calculating the scanner’s speed, an appro 
priate scan line resolution also may be determined. One 
method of determining scan line resolution is to obtain this 
information from a resolution multiplier 120. As Will be 
discussed in detail With respect to FIG. 6, the resolution 
multiplier 120 may be populated With scan line resolution 
data during a tuning process. 

FIG. 4 further shoWs a constant velocity scan line module 
130 in communication With the resolution multiplier 120 and 
a Y-axis correction table 125. The constant velocity scan line 
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module 130 may be con?gured to utilize data, such as the 
scanner’s speed, scan line resolution, as Well as the Y-axis 
static position error When triggering the generation of a scan 
line. As Will be discussed in more detail below, the constant 
velocity scan line module 130 acts as a signal counter, Which 
can either advance or delay the timing of generation of a 
scan line. The ability to advance or delay the generation of 
a scan line permits the system to compensate for any Y-axis 
error that may be present in the scanner. In this regard, it may 
be noted again that stage control 225 provides instructions to 
move stage 20. The operation of RF generator 80 may be 
controlled suitably by constant velocity scan line module 
130 to make necessary Y-axis corrections, by either advanc 
ing or delaying the generation of a neW scan line. 

Similarly to the outputted Y-cross-Zero signal, an X-count 
signal may be outputted from a scanning system. The 
X-count signal may be communicated to an X-jitter counter 
145, in Which the X-jitter error may be calculated. The 
calculated X-jitter error is then communicated to a summa 
riZer 150 Which utiliZes the calculated X-jitter error, along 
With any data located in X-axis correction table 155 (i.e., the 
X-axis static position error), to de?ne the X-axis error. The 
X-axis error may be used to correct scanner line misalign 
ment along the X-axis. In one embodiment, the output of 
summariZer 150 is used as an input to access LUT 90, Which 
in turn provides signals to RF generator 80. HoWever, both 
the LUT and summariZer 150 may provide input to the RF 
generator 80. Together, the values from summariZer 150 
and/or LUT 90 provide appropriate control to RF generator 
80 to enable generation of an aligned scan line that com 
pensates for the detected X-jitter error and the X-axis static 
position error. 

FIG. 5 illustrates one approach to obtaining accurate 
distance measurements along the scanning direction. The 
X-axis and Y-axis of the stage may be coated With a material 
that, When illuminated and then scanned, provides a re?ec 
tion signal having an amplitude Which, assuming constant 
movement in the scanning direction, Will resemble a sine 
Wave With appropriate periodicity. In one embodiment, the 
period may be 40 nm, though the actual periodicity is not 
critical to the invention. 

Re?ection signals may be generated at every Zero 
crossing point along the scanning direction. These signals 
need not be generated that frequently, but for example may 
be generated at some other periodicity of occurrence of 
Zero-crossing points. HoWever, there is some relationship 
betWeen this periodicity, and the resulting accuracy. There is 
an assumption that a Zero-crossing point Will be less noisy 
than other points along the scanning direction. In this 
manner, accurate distance measurements along the scanning 
direction may be based on the distance betWeen tWo con 
secutive Zero crossing points. The Y-cross-Zero signal from 
the scanner, then, at block 110 in FIG. 4, is provided to 
Y-velocity estimator block 115. 
Processing FloW for Correcting Scan Line Misalignment 

FIG. 6 shoWs an exemplary processing ?oW for correcting 
scan line misalignment. 

Several of the steps shoWn in FIG. 6 relate to operations 
that may be performed as illustrated in FIGS. 7 and 8. 

In particular, the Y-axis error calculation shoWn in FIG. 6, 
step 625, may be performed by the method illustrated in 
FIG. 7. Likewise, the X-axis error calculation shoWn in FIG. 
6, step 635, may be accomplished by performing the opera 
tions illustrated in FIG. 8. As such, the description of an 
exemplary processing ?oW for correcting a scanner line 
misalignment Will be described With reference to FIG. 6, 
With reference made to the other ?gures When necessary. 
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Looking at the ?rst step in FIG. 6, a calibration session is 

performed to calculate a static position error for both the X 
and Y axes (Step 605). One method for performing a 
calibration session is to scan a prede?ned grid of an inspec 
tion surface. The calibration grid typically Will contain 
prede?ned points having X and Y coordinates. During a 
calibration session, the scanner’s alignment errors for each 
point on the grid (i.e., each speci?c X and Y coordinate) may 
be identi?ed. The scanner’s alignment errors for each point 
on the grid may be referred to as the X-axis error and the 
Y-axis error, respectively. 

Once the X-axis errors and the Y-axis errors have been 
calculated, they may be loaded into their respective correc 
tion tables (e. g., X-axis error correction table 155 and Y-axis 
error correction table 125) (Step 610). The data stored in 
these correction tables may be made available to the system 
to correct a scanner’s static position error. 

Typically, the calibration session Will occur as part of the 
scanning system’s installation process. HoWever, a calibra 
tion session may be performed Whenever it may become 
necessary, for example, in the course of maintenance. Thus, 
the calibration session does not necessarily have to be 
performed every time scanning is to be performed. Opera 
tional misalignments can occur during the useful life of 
scanning systems such as the one in Which the inventive 
system may be implemented. Accordingly, periodic calibra 
tion may be desirable, but is not essential. There are a variety 
of calibration systems and methods Which Will be knoWn to 
those of ordinary skill in the art. Any of these may be utiliZed 
by the present invention, and accordingly the calibration 
session need not be described further here. 

Once the error data has been stored in the appropriate 
correction table, that aspect of the calibration session is 
concluded, and control is passed back to FIG. 6, step 615. At 
step 615, a desired scan line resolution may be determined, 
for example, during a tuning or calibration process. Data 
obtained during this process may be used to populate a 
resolution multiplier 120, for example. Anumber of different 
factors may be considered When selecting a scan line reso 
lution. These factors include, for example, the type of 
material inspected, the siZe of surface features, and die siZe, 
as Well as scanner speed. It is to be understood that the 
present invention does not rely upon any speci?c scan line 
resolution and may accommodate most any resolution. 

Scan line resolution typically Will be adjusted to meet the 
requirements of each inspection session so that an inspection 
surface’s unique characteristics (e.g., surface material, 
exposed features, etc.) may be accommodated. HoWever, 
once the resolution is determined, typically it Will remain 
unchanged during the entire scanning process (e.g., the 
scanning of an entire Wafer). In a typical con?guration, the 
resolution is determined in a system operation by an opera 
tor; hoWever, some or all of this process can be automated 
easily. 

After the system has been calibrated and the scanner 
resolution has been determined, a surface scanning process 
may be initiated. Referring still to FIG. 6, a surface scanning 
process may be initiated by moving the scanner a predeter 
mined distance along its scanning axis (Step 610). Typically, 
this Will result in moving the scanner along the Y-axis. 
HoWever, one of ordinary skill Will realiZe that the present 
invention may be con?gured easily to provide scanning 
along the X-axis. 
Once the scanner has traveled a predetermined distance, 

the scanning system outputs an appropriate signal (Step 
620). As described previously, this signal indicates that the 
scanner has reached a particular distance along the scanning 
axis. The outputted signal Will be referred to as a Y-cross 
Zero signal. 
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In the next step, the outputted Y-cross-Zero signal is used 
to trigger a correction process that determines the scanner’s 
dynamic position error (Step 625). An exemplary method for 
determining a scanner’s Y-axis error (i.e., Y-axis dynamic 
position error and Y-axis static position error) is shoWn in 
FIG. 7. 

In the present invention, a scanner’s Y-axis error may be 
determined, and therefore corrected, by identifying one or 
more of the scanner’s speed, the scan line resolution, and the 
Y-axis static position error. 

Referring noW to FIG. 7, step 705, the scanner’s speed 
may be calculated using, for example, the Y-velocity esti 
mator 115. As previously described, the scanner’s speed may 
be calculated by monitoring the timing of the outputted 
Y-cross-Zero signals and then correlating them With the 
distances that triggered these signals. For example, the 
elapsed time betWeen tWo consecutive Y-count signals, as 
Well as the scanning distance (i.e., the amount of relative 
movement betWeen the scanner and the scanned article 
betWeen successive Y-cross-Zero signal outputs) may be 
used for the speed calculation. Again, the signals need not be 
consecutive. 

In the next step, the system determines the scan line 
resolution that is to be utiliZed during scan line generation 
(Step 710). In the present invention, scan line resolution may 
be determined using data that Was previously supplied to the 
resolution multiplier 120 during a system tuning process. 

In the next step, the Y-axis static position error is identi 
?ed using, for example, the data stored in the Y-axis cor 
rection table 125 (Step 715). As described above, the Y-axis 
correction table may be populated With Y-axis static position 
error data during a previously performed scanner calibration 
session. 

Referring back to FIG. 6, a determination is made as to 
Whether a neW scan line is to be generated (Step 630). To 
accomplish this, information such as the identi?ed scanner 
speed, scan line resolution, as Well as the Y-axis static 
position error, may be communicated to the constant veloc 
ity scan line module 130 (FIG. 1). 

The constant velocity scan line module 130 acts as a 
signal counter, counting the number of detected Y-cross-Zero 
signals. The generation of a neW scan line may be triggered 
Whenever a particular number of Y-cross-Zero signals has 
been counted. In one embodiment, once a neW scan line has 
been triggered (i.e., a desired number of Y-cross-Zero counts 
has been counted), the constant velocity scan line module 
130, for example, may indicate the need for a neW scan line. 
By increasing or decreasing the number of Y-cross-Zero 

signals that triggers a scan line generation, the present 
system can advance or delay the timing of generation of a 
neW scan line. That is, increasing the desired number of 
Y-cross-Zero signals may result in generating a neW scan line 
later. On the other hand, decreasing the desired number of 
Y-cross-Zero signals may result in generating a neW scan line 
sooner. 

The constant velocity scan line module 130 typically 
utiliZes available information, such as the identi?ed scanner 
speed, scan line resolution, and Y-axis static position error, 
When determining Whether to advance or delay the genera 
tion of a neW line. The ability to control the timing of When 
a neW scan line is generated permits the system to compen 
sate for any Y-axis error (e.g., Y-axis-dynamic positioning 
error, Y-axis static positioning error) that may be present. 

Accordingly, if a required number of signals has not been 
reached, it is not time to generate a neW scan line, and so 
control ?oWs back to step 620 and the scanner may continue 
With the scanning process. On the other hand, if a required 
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number of signals has been detected, then the system may 
use this detection to trigger the generation of a neW scan line. 

At step 635, the X-axis error may be determined next. An 
exemplary method for calculating the X-axis error is shoWn 
in FIG. 8. 

In the present invention, a scanner’s X-axis error may be 
determined, and therefore corrected, by utiliZing data, such 
as the X-jitter error and the X-axis static position error. As 
described previously, a scanning system may be con?gured 
to generate X-count signals Whenever scanner jitter is 
detected (i.e., scanner ?uctuations about the Y-axis). 

Looking noW at FIG. 8, an X-jitter counter 145 ?rst may 
be loaded With a detected X-count signal (Step 805). In 
instances Where scanner jitter has occurred, the X-count 
signal may contain data that can be utiliZed to calculate the 
jitter error (e.g., the distance that the scanner deviates from 
the Y-axis) (Step 810). On the other hand, the lack of an 
X-count signal may indicate that no scanner jitter is present, 
and that the scanner has not deviated from its intended 
scanning course (e.g., Y-axis). To indicate the absence of 
scanner jitter, the X-jitter counter may be loaded With a nil 
value, for example. 

In the next step, the summariZer 150 calculates an X-axis 
error by adding any detected X-jitter error to the X-axis 
static position error (Step 815). Similarly to the Y-axis static 
position error, the X-axis static position error is obtained 
from the X-axis error correction table 155 generated from 
the previously described calibration session. 

Looking again at step 815, Whenever X-axis static posi 
tion error is present, but no X-jitter has occurred, the X-axis 
error Will re?ect the X-axis static position error. LikeWise, 
Whenever X-jitter error is present, but no X-axis static 
position error has been detected (i.e., the X-axis error 
correction table 155 does not contain data indicating that an 
error is present), the X-axis error Will re?ect the X-jitter 
error. 

HoWever, since a typical scanning process Will have both 
X-axis static position error and X-jitter error, a typical 
X-axis error Will re?ect a combination of both types of 
X-axis alignment errors (i.e., the X-jitter and X-axis static 
position errors). 

Referring back to FIG. 6, processing ?oW noW has 
reached step 640. It is to be understood that at this point in 
the processing, the data re?ecting the Y-axis error, as Well as 
the data re?ecting the X-axis error, have been calculated. 
Accordingly, the necessary calculations noW may be per 
formed to generate a properly aligned scan line. 

For example, the data obtained from the summariZer 150 
(eg X-axis error) may be used to determine the extent to 
Which a generated scan line requires shifting. More 
particularly, the appropriate distance that a generated scan 
line is to be shifted may be calculated to compensate for the 
identi?ed X-jitter error, as Well as any X-axis static position 
error that may be present. 

Once the shifting requirements have been determined, a 
neW scan line is generated that compensates for the scan 
ner’s positioning errors (i.e., X and Y axes static position 
errors, Y-axis dynamic position error, and X-jitter errors). 

Next, after the neW scan line has been triggered, the 
system may determine Whether any additional scanning is 
required (Step 645). If additional scanning is required, then 
control ?oWs back to step 620. On the other hand, Where no 
additional scanning is required (e.g., the scanner is at the end 
of a scanning pass), the scanner line alignment process may 
be terminated (Step 650). 

In the How shoWn in FIG. 6, Y-axis error is determined 
?rst, folloWed by X-axis error. HoWever, obviously the 
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sequence is not critical. The X-aXis error could be deter 
mined ?rst, followed by the Y-aXis error. These errors also 
could be determined in parallel. 

While the invention has been described in detail With 
reference to disclosed embodiments, various modi?cations 
Within the scope and spirit of the invention Will be apparent 
to those of Working skill in this technological ?eld. 
Therefore, the invention properly is to be construed With 
reference to the appended claims. 
What is claimed is: 
1. A method for compensating for a line alignment error 

in a surface inspection system having a scanner With a 
scanning aXis and a cross-scanning aXis, said method com 
prising: 

scanning a surface of an inspection article by providing 
relative movement betWeen a light beam in said scan 
ner and said inspection article; 

determining a speed of said relative movement; 
producing a jitter signal in response to a deviation of a 

starting point of a scan path of said light beam from 
said scanning axis; 

generating a neW scan line to compensate for a scanning 
aXis error based on one or more of said speed of relative 
movement, a scan line resolution, and a scanning aXis 
static position error; and 

shifting said neW scan line to compensate for a cross 
scanning aXis error based on said jitter signal, and a 
cross-scanning aXis static position error. 

2. The method according to claim 1, said method further 
comprising: 

scanning a prede?ned grid on said inspection article to 
determine said scanning aXis static position error and 
said cross-scanning axis static position error for each 
point on said prede?ned grid; and 

loading each of said scanning aXis static position error and 
said cross-scanning aXis static position error into one or 
more static position error correction tables. 

3. The method according to claim 2, Wherein said jitter 
signal corresponds to a number of counts during a time When 
said starting point of scan path deviates from said scanning 
aXis. 

4. The method according to claim 3, Wherein said number 
of counts is compared to a predetermined count, With the 
result indicating an error in said starting point of said scan 
path requiring correction. 

5. The method according to claim 4, Wherein said prede 
termined count is Zero. 

6. The method according to claim 4, Wherein said prede 
termined count is such that, to correct said error in said 
starting point, a normaliZed correction value is provided so 
as to normaliZe a correct starting point for said scan path, 
corresponding to a predetermined distance from said scan 
ning aXis. 

7. The method according to claim 4, Wherein said cross 
scanning aXis error is compensated for based on a combi 
nation of said result With a corresponding entry from one of 
said one or more static position error correction tables. 

8. The method according to claim 1, Wherein said deter 
mining said speed of relative movement comprises: 

measuring an elapsed time betWeen tWo scanning aXis 
signals; and 

calculating said speed of relative movement based on said 
elapsed time. 

9. The method according to claim 8, Wherein said tWo 
scanning aXis signals are consecutive. 

10. The method according to claim 8, Wherein said 
scanning aXis signals are signals produced as a result of said 
light beam crossing said scanning axis. 
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11. The method according to claim 1, Wherein said scan 

line resolution is determined based on at least one factor 
selected from the group consisting of said speed of relative 
movement, a surface structure of said inspection article, and 
a surface material of said inspection article. 

12. The method according to claim 1, Wherein said 
inspection article is selected from the group consisting of a 
semiconductor Wafer, a photomask, a reticle, a ?at panel 
display, and a biological material. 

13. The method according to claim 1, further comprising 
delaying said neW scan line generation based on said scan 
ning aXis error. 

14. The method according to claim 1, further comprising 
advancing said neW scan line generation based on said 
scanning aXis error. 

15. Apparatus for compensating a scanner’s line align 
ment error in a surface inspection system, said apparatus 
comprising: 

a scanner having a scanning aXis and a cross-scanning 
aXis; 

a controller for compensating for said line alignment 
error, said compensating being performed by a method 
comprising: 
scanning a surface of an inspection article along said 

scanning aXis; 
determining a speed of relative movement betWeen said 

scanner and said inspection article along a scan path; 
outputting a jitter signal in response to a deviation of 

said scan path from said scanning aXis; 
generating a neW scan line that compensates for a 

scanning aXis error based on said speed of relative 
movement, a scan line resolution, and a scanning 
aXis static position error; and 

shifting said neW scan line to compensate for a cross 
scanning aXis error based on said jitter signal, and a 
cross-scanning aXis static position error. 

16. The system according to claim 15, said system further 
comprising: 

a prede?ned grid on said inspection article, Wherein said 
scanner scans a prede?ned grid to determine a scanning 
aXis static position error and a cross-scanning aXis 
static position error for each point on said prede?ned 
grid, and Wherein said scanning aXis static position 
errors and said cross-scanning aXis static position errors 
are loaded into respective static position error correc 
tion tables. 

17. The system according to claim 16, Wherein said jitter 
signal corresponds to a number of counts during a time When 
said scan path deviates from said scanning aXis. 

18. The system according to claim 17, Wherein said 
number of counts is compared to a predetermined count, 
With the result indicating an error in said scan path that needs 
correction. 

19. The system according to claim 18, Wherein said 
predetermined count is Zero. 

20. The system according to claim 18, Wherein said 
predetermined count is such that, to correct said error in said 
starting point, a normaliZed correction value is provided so 
as to normaliZe a correct starting point for said scan path, 
corresponding to a predetermined distance from said scan 
ning aXis. 

21. The system according to claim 18, Wherein said 
cross-scanning aXis error is compensated for based on a 
combination of said result With a corresponding entry from 
at least one of said static position error correction tables. 

22. The system according to claim 16, Wherein said 
inspection article is selected from the group consisting of a 
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semiconductor Wafer, a photomask, a reticle, a ?at panel 
display, and a biological material. 

23. The system according to claim 15, Wherein said speed 
of relative movement is calculated by measuring an elapsed 
time betWeen tWo outputted scanning aXis signals. 

24. The system according to claim 23, Wherein said tWo 
outputted scanning aXis signals are consecutive. 

25. The system according to claim 15, Wherein said 
scanner resolution is determined based on at least one factor 
selected from the group consisting of said speed of relative 
movement, a surface structure of said inspection article, and 
a surface material of said inspection article. 

26. The system according to claim 15, Wherein said neW 
scan line generation is delayed based on said scanning aXis 
error. 

27. The system according to claim 15, Wherein said neW 
scan line generation is advanced based on said scanning aXis 
error. 

28. The system according to claim 15, Wherein said 
scanner comprises: 

a light source outputting a light beam; and 
an acousto-optic de?ector receiving said light beam and 

de?ecting said light beam to scan said surface of said 
inspection article; 

Wherein said controller comprises an RF generator con 
trolling said acousto-optic de?ector to perform said 
generating and said shifting. 

29. The system according to claim 28, Wherein said 
controller further comprises: 

a cross-scanning aXis correction system to provide inputs 
to said RF generator to perform said generating; and 
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a scanning aXis correction system to provide further 

inputs to said RF generator to perform said shifting. 
30. The system according to claim 29, Wherein said 

cross-scanning aXis correction system comprises: 
a cross-scanning aXis static position error correction table 

as one of said static position error correction tables; 

a counter for outputting a count in response to said jitter 
signal; and 

a summariZer receiving outputs of said counter and said 
cross-scanning aXis static position error correction 
table and providing a signal to said RF generator to 
perform said generating. 

31. The system according to claim 30, Wherein said 
cross-scanning aXis correction system further comprises a 
look-up table receiving an output of said summariZer and 
providing said signal to said RF generator to perform said 
generating. 

32. The system according to claim 29, Wherein said 
scanning aXis correction system comprises: 

a scanning aXis static position error correction table as one 
of said static position error correction tables; 

a velocity estimator performing said determining said 
speed of relative movement; 

a resolution multiplier providing scan line resolution 
information; and 

a module responsive to outputs of said scanning aXis static 
position error correction table, said velocity estimator, 
and said resolution multiplier and providing a signal to 
said RF generator to perform said shifting. 


